The nonbaryonic dark matter of the Universe is assumed to consist of new stable forms of matter. Their stability reflects symmetry of micro world and mechanisms of its symmetry breaking. In the early Universe heavy metastable particles can dominate, leaving primordial black holes (PBHs) after their decay, as well as the structure of particle symmetry breaking gives rise to cosmological phase transitions, from which massive black holes and/or their clusters can originate. PBHs can be formed in such transitions within a narrow interval of masses about 10 17 g and, avoiding severe observational constraints on PBHs, can be a candidate for the dominant form of dark matter. PBHs in this range of mass can give solution of the problem of reionization in the Universe at the redshift z ∼ 5 . . . 10. Clusters of massive PBHs can serve as a nonlinear seeds for galaxy formation, while PBHs evaporating in such clusters can provide an interesting interpretation for the observations of point-like gamma-ray sources. Analysis of possible PBH signatures represents a universal probe for super-high energy physics in the early Universe in studies of indirect effects of the dark matter.
Introduction
According to the modern cosmology, the dark matter, corresponding to ∼ 25% of the total cosmological density, is nonbaryonic and consists of new stable forms of matter (see e.g. [1, 2] for review and references) that saturate the measured dark matter density and decouple from plasma and radiation at least before the beginning of the matter dominated (MD) stage. A huge landscape of possible candidates for the dark matter is proposed as well as their mixtures in multi-component dark matter scenarios are also possible [1, 2] .
Primordial black holes (PBHs) are a very sensitive cosmological probe for physical phenomena occurring in the early Universe. They could be formed by many different mechanisms (see e.g. [1, 2] for review and references).
Being formed, PBHs should retain in the Universe and, if survive up to the present time, represent a specific form of the dark matter. Effect of PBH evaporation by S.W.Hawking [3] makes evaporating PBHs a source of fluxes of products of evaporation, particularly of γ radiation [4] . In a wide range of parameters the predicted effect of PBHs contradicts the data and it puts restrictions on mechanism of PBH formation and the underlying physics of very early Universe. On the other hand, at some fixed values of parameters, PBHs or effects of their evaporation can provide a nontrivial solution for astrophysical problems.
Here we outline some signatures of PBHs as a dominant or subdominant component of the dark matter. We briefly discuss the way for the PBH spectrum to reflect properties of superheavy metastable particles and parameters of phase transitions in the inflationary and post-inflationary stages (Section 2). These mechanisms of PBH formation have a specific feature of fixed range or even fixed values of PBH mass, what leads to effects of the PBH dark matter considered in Section 3. The impact of constraints and cosmological scenarios, involving PBHs, on high energy physics is briefly discussed in Section 4.
PBHs from the first order phase transitions in the early Universe
First order phase transition goes through bubble nucleation, in which the false vacuum state decays leading to a nucleation of bubbles of the true vacuum and their subsequent expansion [2] . The potential energy of the false vacuum is converted into kinetic energy of the bubble walls thus making them highly relativistic in a short time. The bubble expands untill it collides with another one. As it was shown in [8] , a BH may be created in a collision of two bubbles. The mass of this PBH is given by (see [8] for details)
where γ 1 10 −2 and M bub is the mass that could be contained in the bubble volume at the epoch of collision in the condition of a full thermalization of bubbles.
If inflation ends by the first order phase transition, collision between bubbles of Hubble size in percolation regime leads to copious PBH formation with masses
where M hor end is the mass of Hubble horizon at the end of inflation. According to [8] the initial mass fraction of this PBHs is given by β 0 ≈ γ 1 /e ≈ 6 · 10 −3 . For example, for typical value of H end ≈ 4 · 10 −6 m Pl the initial mass fraction β is contained in PBHs with mass M 0 ≈ 1 g.
Dark matter structures from extra dimensions
Extra space as a source of the dark matter attracts attention for a long time. In this case WIMPs of various sorts are usually connected to the first KK excitation states, see e.g. [9, 10] .
New idea concerning the essence of the dark matter and its origin was proposed in [11] in the framework of multidimensional gravity with higher derivatives. According to the authors' idea the geometry of compact extra dimensions depends on the initial conditions. It was shown there that space domains of the dark matter could appear if geometry of a 2-dim extra space inside the domains and outside them is different. Such regions contain some excess of the energy density, interact only gravitationally and hence may be considered as a dark matter candidate.
These domains move in the Galaxy with the virial velocity about 300 km/s and represent the cold dark matter. It is interesting problem to find a method of their detection because ordinary particle detectors are not aimed for such events. Indeed, as was shown in [11] one can neglect the excitations of the domain during its non-relativistic interaction with nucleus of a detector provided the multidimensional Planck mass is about m D ∼ 10 6 GeV. In this case pure elastic scattering of nuclei on the domain as a whole takes place. The question is whether one can distinguish such a "Moessbauer" scattering and the ordinary one.
Minimal size of such objects is comparable to a size of the extra space with the mass varying in wide range depending on the initial conditions and numerical values of the model parameters. More or less natural mass of WIMPs in this model is about 10 TeV. In this case new methods of the dark matter detection has to be developed. The primary estimation of such objects interaction with nucleons leads to the cross section about 10 −43 cm 2 what does not contradict constraints on very massive dark matter particles.
PBHs from closed walls in the inflationary Universe
A wide class of particle models possesses a symmetry breaking pattern, which can be effectively described by pseudoNambu-Goldstone field and which corresponds to formation of unstable topological defect structure in the early Universe (see [2] for review and references). The Nambu-Goldstone nature in such an effective description reflects the spontaneous breaking of global U(1) symmetry, resulting in continuous degeneracy of vacua. The explicit symmetry breaking at smaller energy scale changes this continuous degeneracy by discrete vacuum degeneracy. It gives rise to specific mechanisms of PBH formation.
If phase transitions take place in the inflational stage, new forms of primordial large scale correlations appear. The value of phase after the first phase transition at the energy scale f is inflated over the region corresponding to the period of inflation, while fluctuations of this phase change in the course of inflation its initial value within the regions of smaller size. Owing to such fluctuations, for the fixed value of θ 60 in the period of inflation with e-folding N = 60 corresponding to the part of the Universe within the modern cosmological horizon, strong deviations from this value appear at smaller scales, corresponding to later periods of inflation with N < 60. If θ 60 < π, the fluctuations can move the value of θ N to θ N > π in some regions of the Universe. After reheating in the result of the second phase transition at the scale Λ f these regions correspond to vacuum with θ vac = 2π, being surrounded by the bulk of the volume with vacuum θ vac = 0. As a result massive walls are formed at the border between the two vacua. Since regions with θ vac = 2π are confined, the domain walls are closed. After their size equals the horizon, closed walls can collapse into BHs.
This mechanism can lead to formation of PBHs of a whatever large mass (up to the mass of active galactic nuclei (AGNs) [12] , see for latest review [2] ). Such BHs appear in the form of the PBH clusters, exhibiting fractal distribution in space. It can shed new light on the problem of galaxy formation [2, 12] .
The mass range of formed BHs is constrained by fundamental parameters f and Λ of the model. The maximal BH mass is determined by the condition that the wall does not dominate locally before it enters the cosmological horizon. Otherwise, local wall dominance leads to a superluminal a ∝ t 2 expansion for the corresponding region, separating it from the other part of the Universe. This condition corresponds to the mass [2] 
The minimal mass follows from the condition that the gravitational radius of BH exceeds the width of the wall and it is equal to [2, 12] 
2.6 10 17 g PBHs from the closed walls
The mechanism of PBH formation from the closed walls can be implemented for creation of PBH with mass ∼ 10 17 g. PBHs with similar mass avoid constraints from observations by gamma-radiation data and femto/micro lensing effects [13] , so they can provide the dominant part of the dark matter. Attempt to constrain PBH with mass > 10 17 g, based on a tidal capture of PBH by neutron star [14] , met some counter-evidence [15, 16] .
Here we follow to the specific mechanism developed in [12, 17, 18] . The basis of this mechanism is quantum fluctuations of scalar field with a potential possessing at least two minima.
Let there be a scalar field with the potential
Figure 2: Histogram of a PBH mass spectrum, under the parameters we use:
where Ψ = χ(t) exp(iϕ/f ), χ(t) is a radial component of Ψ field with minimum at f / √ 2, ϕ is a massless NambuGoldstone field. Landscape ideas [19] [20] [21] [22] deal with potentials of arbitrary form. Here we propose specific form of the potential
V 0 (χ) and the modified potential is close to the original one while χ is small. The presence of quantum corrections is responsible for the next term appearing in the potential:
so that Λ is supposed to be small. During inflation, when the friction term is large the classical motion of the angular field θ is frozen due to the smallness of the potential tilt. The dynamics of the radial field χ is governed by the equation of motion:
where H is Hubble's parameter. This differential equation can be solved numerically. While field χ is moving classically to the potential minimum χ f / √ 2, the phase θ = ϕ/f changes due to the quantum fluctuations at the de Sitter background. During inflation the amplitude of the phase θ changes as
each e-fold, where |χ(t)| is the average absolute value of the field χ during the e-fold. Discrete spectrum N PBH (M ) of specific masses M of PBH can be easily obtained by iterative procedure [17] . Contribution of PBH to the average energy density Ω PBH may be estimated as follows: abs and the total rate, for M = M peak .Ω ev is also shown which illustrates total evaporation rate.
3 Effects of the PBH dark matter 3.1 PBH dark matter and reionization of the Universe
As was noted, PBH with mass around M 17 = 10 17 g can provide the dominant form of the dark matter. The PBHs of these range of mass have even more attractive features: with the help of them one could explain positron line from the Galactic center [23] due to effects of accretion [24] or the Hawking evaporation [25] . Here we discuss possibility to explain with them a reionization of the Universe on the base of the Hawking evaporation effect.
In our estimations we take the mass range 10 16 g < M < 10 17 g and abundance according to the upper limit [13] , which can be represented in the form
where M peak = 0.78 · 10 17 g. The evaporation temperature for such PBH is T ev ≈ 0.1 M17 M MeV, the mean energy of evaporating photons is ≈ 6T ev and electrons and neutrinos is ≈ 4T ev [13] . One can see how the temperature of baryonic matter and its ionization degree change being exposed to the Hawking radiation from PBHs.
LetΩ ev andΩ abs be the rates of energy evaporation and absorption by the matter in units of the critical density. The first one can be approximated byΩ
for M M U , where M U ≈ 0.5 · 10 15 g, t U ≈ 14 Gyr. In the considered interval of evaporation temperature, PBH emits gravitons, photons, three sorts of neutrinos and electrons and positrons. The fractions of e ± and photons in the evaporation flux can be estimated as κ e ± = 0.57ĝe(M )
1.02+0.57ĝe(M ) and κ γ = 0.12 1.02+0.57ĝe(M ) respectively, whereĝ e (M ) is the suppression factor when T m e . A photon from evaporation in the energy range of question (ω ∼ 0.5 . . . 5 MeV) loses its energy due to Compton scattering (CS) and red shift. CS energy loss rate can be characterized by the respective inverse time τ
, where σ is the Klein-Nishina cross section, ∆ω is the energy transfer in one scattering, n H = 1.9 · 10 −7 cm −3z3 is the total number density of hydrogen. Denotationz (i) ≡ z (i) + 1 is introduced, MD stage is taken into account only. In our calculation, numeric factorz C is assumed to be independent on ω and equal toz C ≈ 340 (see details in [26] ). Redshift rate is given by Hubble parameter H = 2/3 t Since Compton scattering only provides energy transfer to baryonic matter, respective rate can be roughly estimated through the ratio of the rates of energy losseṡ
Here we include factor c H ≈ 3 to adjust this approximation to more accurate one [26] . Electrons and positrons from evaporation of PBH should experience energy losses due to scattering off the cosmic microwave background (CMB) photons, ionization and red shift. Effects of interaction with plasma which has a very low density at the considered redshift are not discussed here.
Energy losses on the CMB in the ultra-relativistic limit are given by [27] dE dt CMB = −βE 2 , where
is defined by the CMB energy density, ω 2 ≈ 90 MeV. Note that each scattering leads to energy transfer as small as ∼ (E/m) 2 of the primary CMB photon energy. The energy loss time scale is given by τ CMB = (βE) −1 . The ionization losses rate will be approximated by dE/dx = const ≈ 4 MeV g −1 cm 2 . Characteristic time of the ionization losses is defined as τ ion = E/(dE/dt) ion ≈ E ω1 t Uz −3 , where ω 1 = 0.016 MeV. Losses on CMB is much larger than ionization losses over the most of period of interest. In the late period (z 10) the ionization rate approaches the CMB one, but both become comparable with the expansion rate.
Energy absorption rate is defined here by the ionization process, so we can estimate it roughly aṡ Ω (e-ion) abs
where E = 4T ev . One more contribution into heat of matter should be given by the annihilation of the stopped positrons. Part of the energy release rate, me E κ eΩev , comes into annihilation photons, which absorption is described by Eq. (19) . So,
Numerical results given by Eqs. (19) , (20), (21) are within factor two of more accurate approximation [26] . Below we shall present the results, obtained with more accurate approximation, which are qualitatively described by Eqs. (19)- (21) . All absorption rates for M = M peak are shown in Fig. 3 . It is seen that the electron-positron ionization losses, which are suppressed by losses in the CMB scattering and at z 10 by red shift also, are found nonetheless to be the Evolution of the temperature of hydrogen can be described by the equation [26] 
Here σ T is the Thomson cross section, x e is the ratio of free electron number density and n H . The latter is defined from the Saha formula
Note that the second term in the right side of Eq. (22) takes into account the CMB-matter(electrons) energy exchange. Solving Eq. (22) gives z-dependence of the electron fraction x e for different PBH masses as shown in Fig. 4 . Minimal x e was formally taken to be 2 · 10 −4 , corresponding to its frozen magnitude. Figure 5 shows x e as a function of the PBH mass M forz = 5 and 10. As it is seen, PBH with M = 3·10 16 . . . 8·10
16
g could provide reionization of the Universe.
Primordial seeds for AGNs
In [28] possible consequences of the existence of pregalactic population of BHs with masses M ∼ 10 5 M before the recombination time were discussed. These hypothetical PBHs are supposed to be mixed with dark matter because of their cosmological origin. As a result the total mass of these PBHs in any galaxy would be proportional to the galactic dark matter halo mass. And according to the model [28] it leads to the correlations between central BHs masses M BH and galactic bulge velocity dispersions σ e in the form M BH ∝ σ 4 e , as observed. Thus, such form of correlation supports the idea of pregalactic origin of the massive BHs as the AGN seeds.
In [29, 30] the very early galaxy and quasar formation is discussed in the framework of the model based on PBH cluster as a source of the initial density perturbation.
The paper [12] proposes another mechanism of protogalaxies formation. It is based on the second-order phase transition at the inflationary stage. It is shown that collapsing closed domain walls could lead to the massive BH clusters formation, which in turn can serve as nuclei for the future galaxies. 
Clusters of BHs as point-like γ-ray sources
Due to weak accretion of surrounding matter, observation of BHs with masses less than 10 4 M can be quite difficult. An alternative method for the BHs detection by means of the Hawking's radiation [3] is effective only for BHs with low masses that are situated near the Earth. From [31, 32] one can conclude that situation can be different for PBH clusters with a large number of small BHs (with masses 10 15 g). The integral Hawking's radiation of such a cluster could then be sufficient for detection by modern gamma-ray telescopes on the Earth.
The number of clusters and their properties depend on the choice of the scalar field potential parameters [29] 
With the choice of parameters f = 10 14 GeV, Λ = 1.66 · 10 13 GeV and almost arbitrary value of λ, one can obtain cluster structures with the mass distribution, approximately described by the power law dependence:
Here we take into account change in the spectrum caused by the evaporation of light BHs during the lifetime of a cluster. With this choice of parameters there are N cl ∼1400 clusters with the mass M ≈ 9.5M and of characteristic sizes R ∼1 pc in a galactic halo. Note that the abundance of such clusters (Ω PBH ∼ 3 · 10 −10 ) doesn't contradict to the modern constraints on the PBH density [13] .
Due to the Hawking's mechanism clusters act as permanent sources of cosmic rays, neutrino and gamma radiation. Let us estimate a typical brightness of the PBH cluster in the gamma range. The total flux of photons from the cluster of PBHs, radiating with intensity dNγ dE dt , is given by the integral (we take into account photon energies E γ > E 1 = 100 MeV, corresponding to the threshold energy of the Fermi LAT gamma ray telescope)
For the sensitivity of the Fermi LAT telescope to a point γ-source F min = 3 · 10 −9 cm −2 sec −1 [33] , the maximal distance R max at which the clusters could be registered by a detector as γ-source is about R max ∼ Ṅ /F min ∼ 4 kpc. Then the number of such sources can be N ∼ n cl R 3 max ∼ 30, where n cl is the number density of clusters. Fig. 6 represents the spectrum from the cluster at the distances n −3 cl . . . R max . Note that due to low sensitivity of x-ray telescopes, detecting PBH clusters is beyond their abilities [34, 35] .
Fermi LAT has discovered 15 sources with the spectral index 3, as PBH cluster featured, within the error of 1σ [36] . These sources are uniformly distributed throughout the celestial sphere (see Fig. 7 ), and their number agrees well with the prediction obtained.
Conclusions
Being formed in the very early Universe as initially nonrelativistic form of matter, PBHs should have increased their contribution to the total density during the RD stage of expansion, while effect of the PBH evaporation should have strongly increased the sensitivity of astrophysical data to their presence. It links the hypothetical sources of cosmic rays or gamma background to parameters of superheavy particles in the early Universe and of the first and second order phase transitions, thus making a sensitive astrophysical probe to particle symmetry structure and pattern of its breaking at superhigh energy scales as well as to effects of extra dimensions. The possibility of PBH formation in definite ranges or even fixed values of the PBH masses add interesting aspects for such probes.
The presented approach sheds new light on the indirect effects of the dark matter. Being elusive for direct experimental searches of the dark matter particles, the indirect probe for the PBH dark matter hypothesis is of special interest.
